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ABSTRACT
Objective To assess the effectiveness of a school based
physical activity programme during one school year on
physical and psychological health in young
schoolchildren.
Design Cluster randomised controlled trial.
Setting 28 classes from 15 elementary schools in
Switzerlandrandomlyselectedandassignedina4:3ratio
to an intervention (n=16) or control arm (n=12) after
stratification for grade (first and fifth grade), from August
2005 to June 2006.
Participants 540 children, of whom 502 consented and
presented at baseline.
Intervention Children in the intervention arm (n=297)
received a multi-component physical activity programme
that included structuring the three existing physical
education lessons each week and adding two additional
lessons a week, daily short activity breaks, and physical
activity homework. Children (n=205) and parents in the
control group were not informed of an intervention group.
Formostoutcomemeasures,theassessorswereblinded.
Main outcome measures Primary outcome measures
included body fat (sum of four skinfolds), aerobic fitness
(shuttle run test), physical activity (accelerometry), and
quality of life (questionnaires). Secondary outcome
measures included body mass index and cardiovascular
risk score (average z score of waist circumference, mean
blood pressure, blood glucose, inverted high density
lipoprotein cholesterol, and triglycerides).
Results 498 children completed the baseline and follow-
up assessments (mean age 6.9 (SD 0.3) years for first
grade, 11.1 (0.5) years for fifth grade). After adjustment
for grade, sex, baseline values, and clustering within
classes, children in the intervention arm compared with
controls showed more negative changes in the z score of
thesumoffourskinfolds(−0.12,95%confidenceinterval
−0.21 to −0.03; P=0.009). Likewise, their z scores for
aerobic fitness increased more favourably (0.17, 0.01 to
0.32; P=0.04), as did those for moderate-vigorous
physical activity in school (1.19, 0.78 to 1.60; P<0.001),
all day moderate-vigorous physical activity (0.44, 0.05 to
0.82; P=0.03), and total physical activity in school (0.92,
0.35 to 1.50; P=0.003). Z scores for overall daily physical
activity (0.21, −0.21 to 0.63) and physical quality of life
(0.42, −1.23 to 2.06) as well as psychological quality of
life (0.59, −0.85 to 2.03) did not change significantly.
Conclusions A school based multi-component physical
activity intervention including compulsory elements
improved physical activity and fitness and reduced
adiposity in children.
Trial registration Current Controlled Trials
ISRCTN15360785.
INTRODUCTION
One in three to five children in the Western world is
overweight or obese.
1 This epidemic is rapidly and
constantly growing and affects all socioeconomic
levels and ethnicities.
2 Excessive weight is associated
with increased cardiovascular risk,
3 orthopaedic pro-
blems,andpsychosocialconstraintsevenbeforeadult-
hood is reached.
4 Life expectancy may be reduced by
several years,
5 as is work productivity, while costs are
increasing enormously. A focus on early prevention is
thus urgently needed.
The increasein physicalinactivity over the past dec-
ades is one of the main causes of the increase in
obesity.
6 In adults, physical inactivity and low aerobic
fitness are associated with higher mortality and a
higher prevalence of chronic disease.
7 In children,
physical inactivity and lack of fitness are associated
with increasing prevalence of cardiovascular risk
factors,
38even independent of body weight.
9
Asobesity,cardiovascularriskfactors,and risk beha-
viour usually change little from childhood to
adulthood,
1011 promotion of positive health related
behaviour in early life is important and expected to
have long term benefits. However, studies of school
based interventions promoting a healthy lifestyle have
shown disappointing results,
1213 and these trials have
often had important methodological or conceptual
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Atheorydriven,randomised,controlledphysicalactiv-
ity intervention in youth with a global assessment of
cardiovascular risk factors is still lacking.
Our goal was to intervene at the level of the school
class, so we did a cluster randomised controlled trial
with a school based stringent physical activity pro-
gramme versus traditional physical education during
one school year. We aimed to increase aerobic fitness,
physical activity, and quality of life while decreasing
body fat and a composite cardiovascular risk factor
scoreintheinterventiongroupcomparedwiththecon-
trol group.
METHODS
Design and study population
Thestudytookplaceintwoofthe26provincesofSwit-
zerland (Aargau and Baselland), comprising about
10% of the Swiss population. Recruitment started in
autumn 2004, and the actual studytook place between
August2005andJuly2006.Thedesignofthestudyhas
been previously described in detail,
15 and figure 1
describes the selection process. We selected 28 of 190
consentingclassesonthebasisofacomputergenerated
randomnumbertablethatwasinthehandsofaperson
notinvolvedinthestudy.Participatingschoolsfulfilled
oureligibilitycriteria:ruralorurbanlocalisation,apre-
valenceof10-30%migrantsasintheSwisspopulation,
and,forpracticalreasons,thepresenceofatleastafirst
gradeandafifthgradeclassineachschool(fig1).Inter-
vention and control schools were located in provinces
that were comparable as regards socioeconomic status
of the population and recreational facilities at school.
Toavoidcontaminationoftreatments,werandomised
by school. However, the school director had no role
duringthewholestudyperiod,andallpartsoftheinter-
vention were done at the class level. Classes from the
intervention and control groups were located in differ-
ent villages or towns. All participating children and
their parents gave informed consent.
Intervention
Theinterventionwastargetedatboththeclusterandthe
individual level and was based on a socio-ecological
conceptualmodel focusingonincreasingdailyphysical
activity,
16 as described previously and in figure 2.
15
Briefly,childreninbothgroupshadthree physicaledu-
cationlessonseachweek,whicharecompulsorybylaw.
The intervention group had two additional physical
education lessons on the remaining school days. A
team of expert physical education teachers prepared
all five physical education lessons for the children in
theinterventiongroup.Allinterventionclassesreceived
the same curriculum. The three compulsory weekly
physical education lessons (45 minutes each) were
given by the usual classroom teachers according to the
specified curriculum, whereas the two additional
weekly lessons (45 minutes each) were taught mostly
outdoors by physical education teachers. In addition,
three to five short activity breaks (two to five minutes
each) during academic lessons—comprisingmotorskill
tasks such as jumping or balancing on one leg, power
games, or coordinative tasks—were introduced every
day.Thechildrenreceiveddailyphysicalactivityhome-
work of about 10 minutes’ duration prepared by the
physical education teachers. This included aerobic,
strength, or motor skill tasks such as brushing their
teeth while standing on one leg, hopping up and down
the stairs, rope jumping, or comparable activities. Chil-
dren and parents in the control group were not
informed about the existence of the intervention pro-
gramme in other schools. The teachers in the control
group knew about the intervention arm but were not
informedaboutitscontent.Noincentivesforparticipat-
ing in the study were offered to the children.
Outcome measures
Baseline(August2005)andfollow-up(June2006)mea-
surements took place at school within the same three
week period for all children; the intervention period
lasted nine months. All assessors were trained in a
pilot study two months before the main study. Asses-
sorsresponsible forthemeasurementswereblindedto
the group allocation for all measurements except skin-
fold and waist circumference measures. School laws
prescribed that the last two measurements were made
by designated physicians who knew the group alloca-
tion. Outcome measures are reportedat the individual
level. Primary outcome measures included the sum of
four skinfolds, aerobic fitness, physical activity, and
quality of life. Secondary outcome measures included
Assessed for eligibility
(n=1830 classes from 919 elementary schools)
Control
12 classes* from 6 schools
First grade (n=6)
Fifth grade (n=6)
Median No of children per
  class 21 (range 7-25)
Intervention
16 classes from 9 schools
First grade (n=8)
Fifth grade (n=8)
Median No of children per
  class 21 (range 13-26)
Eligible and consented to participate (n=190)
Classes randomly selected (n=28)
Randomisation
Baseline
Control
12 classes from 6 schools
First grade (n=6)
Fifth grade (n=6)
Median No of children per
  class 21 (range 7-25)
Intervention
16 classes from 9 schools
First grade (n=8)
Fifth grade (n=8)
Median No of children per
  class 21 (range 13-26)
Follow-up
Excluded (n=1640):
  Did not meet eligibilty criteria (n=1298)
  Refused to participate (n=320)
  Already had physical activity programme (n=22)
Fig 1 | Flow of school classes through study (study cluster).
*Contrary to protocol,
15 in which one control class was
misclassified, 12 (not 11) classes were randomised to control
group
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prising all components of the metabolic syndrome.
Additional predefined secondary outcomes such as
bone mineral content and bone density, as well as
bone turnover markers and calcium intake, will be
reported separately.
Wecalculatedthepercentageofoverweightchildren
onthebasisofSwissnationalcentiles.
17Skinfoldthick-
ness was measured in triplicate to the nearest 0.5 mm
with Harpenden calipers (HSK-BI, British Indicators).
We calculated the sum of four sites (triceps, biceps,
subscapular, and suprailiacal).
18 We used the 20 m
shuttleruntesttodetermineaerobicfitness.
19Tenchil-
dren did the test together, but each child had a
researcher assigned who was checking adequate test
procedures. We monitored physical activity with an
accelerometer (MTI/CSA 7164, Actigraph, Shalimar,
FL, USA), which was worn continuously around the
hip for five weekdays, at baseline and at the end of
the intervention. We set the sampling epoch to one
minute. We omitted time periods with more than
15 minutes of continuous zero values. We included
an individual child’s physical activity data if at least
two weekdays of measurements with a minimum of
12 hours were recorded.
20 In addition, weekdays had
to include at least one physical education lesson. In
case of missing data (measurement of less than five
days), we averaged the number of days with and with-
out physical education separately and, on the basis of
the class schedule, extrapolated them to a school week
of five days. Eighty-nine per cent of all children had
three to five monitoring days on both occasions, 11%
had two monitoring days (that is, 6.8% imputed days),
which is sufficient to be representative of the school
week,
8 especially as the amount of physical activity
among the single school days did not differ.
21 At base-
line,thenumberofmissedmeasurementdayswithand
without physical education did not differ between the
groups. We expressed physical activity as average
counts/minute and moderate-vigorous physical activ-
ity as minutes above 2000 counts/minute (which is
equivalent to walking at about 4 km/hour) for the
whole day, the time in school, and the time out of
school.Weassessedqualityoflifewiththechildhealth
questionnaire,
22 distributed at school in coded envel-
opes and completed by the child, with the help of the
parents if necessary.
We measured blood pressure in the right arm five
times after a resting period of five minutes by using
anautomatedoscillograph(Oscillomate,CASMedical
Systems, Branford, CT, USA). We took the mean of
the three measurements with the smallest variation
and then z transformed it.
23 Blood was drawn in the
morning while the child was fasting for measurement
of glucose and lipids as previously described.
15
Although not specified in the paper describing the
studydesign,wecomputedacompositecardiovascular
risk score by averaging the z scores of all components
of the metabolic syndrome (waist circumference,
blood pressure (mean of systolic and diastolic blood
pressure z score), glucose, inverted high density lipo-
protein cholesterol, and triglycerides).
24 We log trans-
formed skewed data. We derived z scores from
published age and sex specific norm values for body
mass index and blood pressure.
2325 We z transformed
theremainingvariablesbyusinggradeandsexspecific
meansandstandarddeviationsderivedfromthewhole
sample for the baseline measurements and from the
control sample for the post-intervention measure-
ments. At the end of the study, we asked children and
teachers of the intervention group about their enjoy-
ment of the programme and whether they wanted the
programme to continue in the future by using a six
point scale ranging from 1 (very much) to 6 (not at all).
Statistical analysis
We based statistical analyses on the intention to treat
principle and report results at the level of individual
children.We useda regressionmodel with adjustment
for cluster to compare baseline measurements of the
two groups. As the study population consisted of two
distinctagegroups,allanalysesestimatingeffectsofthe
interventiononoutcomesusedzscoresbasedongrade
and sex. We used mixed linear models with z scores at
follow-up as dependent variables; group, sex, and
grade as fixed factors; school class as a random effect;
and the respective baseline z score as a covariate.
School class was the smallest cluster in the sampling
Intervention group
2 x 45 min/week: physical education lessons given by physical education teacher
Control group
Intervention period: 9 months
(including period of follow-up measurements)
3 x 45 min/week: physical education lessons given by classroom teacher
3 x 45 min/week: physical education lessons given by classroom teacher
Several 5 minute bouts per day: short physical activity breaks
10 min/day: physical activity homework
Follow-up
  measurements
At school:
2 hours’ fitness testing
2 hours’ medical testing
5 days’ accelerometry
At home:
  questionnaires
3 weeks
Baseline
  measurements
At school:
2 hours’ fitness testing
2 hours’ medical testing
5 days’ accelerometry
At home:
  questionnaires
3 weeks
Start of school year
(August 2005)
End of school year
(July 2006)
Fig 2 | Content and timetable of intervention
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culated the intraclasscorrelation to compare the varia-
tion between school classes as a fraction of the total
variance.Wealsotestedwhethertheadditionalcluster
“school” influenced the results. We did not include
pubertal stage according to Tanner stage, migrant sta-
tus,orsocioeconomicstatusascovariates,astheiraddi-
tion to the model did not change the results. For each
outcome measure, we report the size of the inter-
vention effect as the difference in its average z scores
at follow-up between the intervention and control
groupsafteradjustmentforgrade,sex,baselinevalues,
andclusteringwithinschoolclasses.Wedidsecondary
analysesbytestinginteractionsoftheinterventionwith
sex, grade, and baseline body mass index, categorised
into two groups above and below the median.
25
We based our sample size calculation on a pre-
defined ratio of 4:3 between intervention and control
schools each contributing two classes of 20 children.
The study was powered to detect a medium effect size
on the primarystudy outcomemeasures of 0.5 units of
standard deviation with 79% probability if the intra-
class correlation coefficient within schools was 0.10
and with 90% probability for a coefficient of 0.06 for
each primary outcome measure. The sample size
needed to reach the estimated power was a total of
360 children at the third measurement, four years
after the baseline assessment. Assuming an attrition
rateof10-15%andaccountingforthemultiplesecond-
ary outcomes, we recruited 540 children to provide
adequate power to test the null hypothesis of the inter-
vention having no effect for each of the primary out-
comes.
RESULTS
Twenty-eight classes in 15 schools totalling 540 chil-
dren entered the study. Figures 1 and 3 give sample
size information throughout the trial. Table 1 shows
the baseline characteristics stratified by allocation arm
and grade. Tables 2 and 3 describe primary and sec-
ondary outcomes at baseline and follow-up. No signif-
icant differences existed between the groups at
baseline. This is also true for the z scores of total phy-
sical activity in school, which were 0.01 (SD 0.99) for
the children in the intervention group and −0.02
(SD1.02)forthoseinthecontrolgroup(P=0.76).More-
over, children with a baseline assessment but no fol-
low-up assessment did not differ from the remaining
children in terms of age, sex, and the primary and sec-
ondaryoutcomevariablesatbaseline(datanotshown).
Primary outcomes
Table 2 shows the results of the primary outcomes at
baseline and follow-up, as well as the adjusted differ-
ences at follow-up. Compared with controls, children
in the intervention group showed smaller increases in
the sum of four skinfolds by 0.12 (95% confidence
interval −0.21 to −0.03) z score units, corresponding
to about 2 mm (or 6% of the mean baseline value).
Four control children and five intervention children
were underweight (below the third centile for weight)
at baseline; the prevalence of underweight did not
increase in either group. The intervention increased
children’s aerobic fitness by 0.17 (0.01 to 0.32) z
score units, representing an improvement of 5% of
mean baseline values. This effect corresponds to an
Control (n=205) Intervention (n=297)
Assessed for eligibility, invited to participate (intervention n=305; control n=235)*
Randomisation
Consented and present for baseline measures (n=502)
Primary outcomes Before After Both Before After Both
Skinfolds
Fitness
Physical activity
Quality of life
201
205
134
170
205
192
106
173
185
181
82
154
296
297
218
286
293
278
229
264
284
267
169
257
Secondary outcomes
Cardiovascular risk score
Body mass index
Blood pressure
Waist circumference
117
201
201
201
121
205
205
205
105
185
185
185
249
296
294
291
239
293
293
292
231
284
286
282
Refused or absent at baseline (n=38)
Fig 3 | Flow of individual participants through study, with outcome measures. *Contrary to
protocol,
15 28 (not 27) classes were randomised, 16 classes with 305 (not 300) to intervention
group and 12 (not 11) classes with 205 children to control group; furthermore, one child was
misclassified as in intervention instead of control group
Table 1 |Baseline characteristics of 502 elementary schoolchildren according to treatment arm and grade. Values are
numbers (percentages) unless stated otherwise
First grade Fifth grade
Intervention (n=131) Control (n=91) Intervention (n=166) Control (n=114)
Girls 64 (49) 50 (55) 91 (55) 52 (46)
Mean (SD) age (years) 6.9 (0.3) 6.9 (0.3) 11.0 (0.5) 11.3 (0.6)
Overweight* 34 (26) 26 (29) 41 (25) 28 (25)
Tanner stage >1 0 0 83 (50) 54 (48)
Migrant families† 45 (34) 23 (26) 41 (25) 27 (24)
No formal parental education 12 (9) 4 (5) 19 (12) 12 (11)
*Based on Swiss national centiles.
†Both parents from Eastern or Southern European countries, Africa, Asia, Central or South America, or other less developed countries.
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moderate-vigorous physical activity from baseline to
follow-up was significantly higher in the intervention
group: the difference in average z score for in-school
activitywas1.19(0.78to1.60),correspondingtoabout
13 additional minutes, and that for all day activity was
0.44 ( 0.04 to 0.82), corresponding to 11 additional
minutes.Likewise, the change in total physicalactivity
in school was higher in the intervention group than in
the control group, corresponding to a relative increase
of 18 %—that is, a shift of the median to the 82nd cen-
tile. However, the change in overall daily physical
activity from baseline to follow-up showed only a
non-significant trend in favour of the intervention
group.
Effects of the intervention on primary outcomes
were comparable in children with and without com-
plete physical activity data (all P>0.3). Quality of life
did not change in the two groups. The intraclasscorre-
lations were ≤0.1, indicating a low level of clustering
within school classes, except for total physical activity
for which the coefficient was larger (0.09-0.24). An
additionaladjustmentof all primaryoutcome analyses
for the random effect of “school” showed no further
variance for those primary outcomes that were signifi-
cantly improved by the intervention. The factor
“school” had an effect only on physical quality of life,
for which it explained 2% of the residual variance.
Secondary outcomes
Table 3 showsthebaselineand follow-updataand the
adjusted differences at follow-up for cardiovascular
risk factors in both groups. Children in the inter-
vention group showed smaller increases or larger
reductions in body mass index and in most cardio-
vascular risk factors such as triglycerides, high density
lipoprotein cholesterol, and glucose. The cardio-
vascular risk score decreased more in the intervention
thaninthecontrolgroup,correspondingto0.18(−0.29
to−0.06)zscoreunitsandrepresentingashiftfromthe
median to the 36th centile (that is, 14%). This finding
remained unchanged when we standardised waist cir-
cumference on the basis of a reference population or
when we replaced waist circumference by body mass
index z scores.
2526 Secondary analyses also involved
the study of potential modifications of the effect by
sex,grade,orbaselinebodymassindex(dichotomised
atthemedian).
25Theinterventionbygradeinteraction
Table 2 |Primary outcome measures in children according to physical activity intervention aimed at increasing physical activity and fitness and at reducing
body fat and cardiovascular risk score. Values are mean (SD) unless stated otherwise
Variables
Intervention (n=297) Control (n=205) Adjusted difference at follow-up*
Before After Before After Coefficient (95% CI) P value ICC
Skinfolds (mm) 32.11 (13.23) 32.50 (14.67) 31.32 (12.82) 33.70 (17.24) −0.12 (−0.21 to −0.03) 0.009 0.06
Shuttle run (stages) 5.6 (2.3) 6.8 (2.2) 5.8 (2.1) 6.7 (1.9) 0.17 (0.01 to 0.32) 0.04 0.03
Total physical activity (counts/min) 770 (197) 726 (181) 792 (204) 728 (225) 0.21 (−0.21 to 0.63) 0.31 0.15
In school 807 (276) 870 (217) 828 (292) 738 (235) 0.92 (0.35 to 1.50) 0.003 0.24
Out of school 755 (217) 653 (197) 777 (209) 722 (248) −0.14 (−0.51 to 0.22) 0.41 0.09
Total MVPA (min/day) 106 (36) 106 (34) 106 (33) 97 (34) 0.44 (0.05 to 0.82) 0.03 0.08
In school 38 (16) 45 (14) 37 (14) 32 (12) 1.19 (0.78 to 1.60) <0.001 0.11
Out of school 67 (27) 61 (25) 69 (25) 66 (28) −0.06 (−0.39 to 0.27) 0.72 0.06
Physical quality of life 53.4 (8.9) 53.7 (8.7) 53.2 (7.7) 53.9 (6.5) 0.42 (−1.23 to 2.06) 0.62 0.00
Psychological quality of life 52.5 (6.9) 52.3 (7.7) 53.0 (6.5) 52.0 (7.3) 0.59 (−0.85 to 2.03) 0.42 0.02
ICC=intraclass correlation coefficient; MVPA=moderate and vigorous physical activity.
*Adjusted difference in average z score of respective outcome at follow-up between intervention and control group with 95% confidence interval, P value, and ICC for school class; adjusted
for grade, sex, and z score at baseline in mixed linear model with random effect for school class.
Table 3 |Secondary outcome measures in children according to physical activity intervention aimed at increasing physical activity and fitness and at
reducing body fat and cardiovascular risk score*. Values are mean (SD) unless stated otherwise
Intervention (n=297) Control (n=205) Adjusted difference at follow-up†
Before After Before After 95% CI P value ICC
Cardiovascular risk score 0.01 (0.49) −0.27 (0.44) 0.06 (0.53) −0.03 (0.51) −0.18 (−0.29 to −0.06) 0.003 0.06
Body mass index (kg/m
2) 17.13 (2.53) 17.36 (2.67) 17.04 (2.63) 17.44 (2.89) −0.12 (−0.19 to −0.04) 0.003 0.01
Waist circumference (cm) 57.95 (6.94) 59.45 (6.87) 57.66 (6.43) 59.86 (7.39) −0.08 (−0.2 to 0.05) 0.25 0.17
Systolic blood pressure (mm Hg) 104 (9) 101 (9) 103 (8) 102 (9) −0.08 (−0.26 to 0.23) 0.88 0.19
Diastolic blood pressure (mm Hg) 62 (8) 60 (7) 61 (7) 61 (8) −0.12 (−0.35 to 0.10) 0.28 0.20
Triglycerides (mmol/l) 0.60 (0.25) 0.60 (0.25) 0.64 (0.29) 0.69 (0.32) −0.10 (−0.18 to −0.01) 0.02 0.00
HDL cholesterol (mmol/l) 1.65 (0.35) 1.68 (0.35) 1.60 (0.35) 1.55 (0.37) 0.27 (0.09 to 0.44) 0.003 0.05
Glucose (mmol/l) 4.5 (0.4) 4.6 (0.3) 4.6 (0.4) 4.7 (0.4) −0.40 (−0.70 to −0.09) 0.01 0.10
HDL=high density lipoprotein; ICC=intraclass correlation coefficient.
*Average z score of waist circumference, mean of systolic and diastolic blood pressure z score, glucose, triglycerides, and inverse HDL-cholesterol.
†Adjusted difference in average z score of respective outcome at follow-up between intervention and control group with 95% confidence interval, P value, and ICC for school class; adjusted
for grade, sex, and z score at baseline in mixed linear model with random effect for school class.
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with a stronger intervention effect in fifth grade chil-
dren. All other interactions had P values larger than
0.1. Ninety per cent of the children and 70% of the
teachers in the intervention group enjoyed the five
physical education lessons and wanted them to con-
tinue in future years (scores of 1-2 for children and 1-
3 for teachers on a six point scale).
DISCUSSION
This randomised controlled trial showed that a multi-
component physical activity intervention for one
school year in first and fifth grade schoolchildren
favourably affected body composition, aerobic fitness,
physical activity, and cardiovascular risk.
Our programme resulted in a relative decrease (that
is, a lesser increase) in body fat in the intervention
group compared with the control group. These find-
ings were consistent for body mass index and skinfold
thickness. The favourable changes in body composi-
tion occurred in children across the whole range of
body mass index and did not increase the number of
underweight children. Establishing a programme with
consistent positive effects on body composition is of
major public health importance; in well designed
reviews, only very few lifestyle or physical activity
intervention programmes were considered effective
in reducing body fat or body mass index in
schoolchildren.
1327 The absolute effect of our inter-
vention on body fat seems small, with a difference in
skinfold thickness of about 2 mm between children in
the intervention and control groups. However, this
corresponds to 6% of the average baseline value and
it was achieved within less than one year in otherwise
healthy children. The effect is similar to that in a few
comparableinterventionstudiesbutishigherthanthat
inmostotherstudies.
1328Thisisanimportantresultfor
public health, as a higher body mass index in child-
hood, even in the absence of overt overweight, has
been associated with coronary heart disease in
adulthood.
29 In addition, a higher body mass index in
adolescence predicted adverse health effects in adults
even in the absence of obesity in adulthood.
30
The intervention also led to an increase in aerobic
fitness. This effect corresponds to a difference in run-
ning time of 20 seconds or a difference in the covered
distanceof60metresequivalenttoanaverageincrease
of 5% from baseline, which is substantial considering
the worldwide decline ofyouth fitness by 0.43% a year
over the past two decades.
31 Only one previous con-
trolled intervention trial found improvements in
body composition and in aerobic fitness.
32 Addition-
ally, our intervention resulted in an improved cardio-
vascular risk score that included all components of the
metabolic syndrome. This reduction in cardiovascular
risk occurred in all children in the intervention group,
irrespectiveoftheirinitialbodymassindexzscores.To
our knowledge, this is the first study of a school based,
long term physical activity intervention that docu-
ments beneficial changes in all these parameters. Our
study was a demanding “real life” intervention trial, in
which we successfully increased physical activity,
thereby achieving multiple beneficial health effects.
As not only obesity but also the presence of overt
cardiovascular disease is seen in an increasingnumber
ofchildren,
33ashiftofthepopulationmedianbyfiveto
seven points in the favourable direction on the centile
scale as documented in our intervention group for
body fat and fitness and for the cardiovascular risk
scorewouldbeexpectedtohaveaconsiderableimpact
on public health.
34 Moreover, the observed effects at
the group level were large enough to be relevant even
at the individual level.
Autopsy studies of children who had died in acci-
dents or by homicide have shown that 50% of
2-15 year old children have fatty streaks in the coron-
ary arteries, and all of them have fatty streaks in the
aorta.
35 As the extent of these lesions was related to
body mass index, blood pressure, and blood lipids,
an improvement in the cardiovascular risk score by a
lifestyle intervention early in life focusing on several
essential health outcomes may help to slow the occur-
rence of these atherosclerotic changes.
Strengths and limitations
This study contributes a practical way of successfully
implementinga physicalactivity programmein public
schoolstoreducethe extensivehealthburden ofchild-
hood obesity. It shows that primary prevention in
schoolbyamulti-componentphysicalactivitycurricu-
lum including daily physical education based on a
structured curriculum, short activity breaks, and phy-
sical activity homework, can improve aerobic fitness
and decrease body fat and possibly cardiovascular
risk. The favourable outcome of this pure physical
activityinterventionisevenmoreencouragingconsid-
ering the high participation rate and the use of precise
methods. We used skinfold measurements to define
the level of obesity in addition to the more imprecise
measure of body mass index, and we assessed aerobic
fitness, all important cardiovascular risk factors, and
physical activity by objective means. The success of
this study, in contrast to other well designed rando-
mised controlled trials,
1327 probably lies in the manda-
tory structure of the intervention by changing the
school environment.
36 Importantly, the children and
teachers enjoyed the intervention, which guaranteed
compliance,anditwassufficientlyintense,ofadequate
duration,
37 and included expert physical education
teachers.
38 On the basis of the accelerometer data, the
in-school part of the intervention—that is, structuring
of the existent three physical education lessons and
adding two additional lessons and activity breaks—
was almost entirely responsible for this difference.
The level of adherence to the intervention outside
school (physical activity homework) was insufficient,
which is a limitation of this study. Nevertheless, the
qualitatively and quantitatively improved physical
education resulted in higher levels of total and moder-
ate-vigorous physical activity in school as well as over
thewholeday,whichwassufficienttoimproveaerobic
fitness.
39 This emphasises the importance of an
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tion and activity at school, as many children do not
seemtoberesponsivetoeducationalprogrammesaim-
ing at increasing physical activity outside school.
12 A
behavioural change of the whole family is also very
difficulttoachieve,consideringtheexcessivenumbers
of inactive and obese adults. Our estimate of the effect
oftheinterventiononphysicalactivityisbasedon50%
of the study population. This might have introduced
somebias.Whatarguesagainstthisconcern,however,
isthatwedidnotfindrelevantdifferencesatbaselineor
follow-up between the sub-samples with and without
physical activity measurements at both time points.
Anotherlimitationisthattheschoolswererandomised
beforethebaselineassessment,asthecurriculumofthe
interventionclasseshadtobechangedwellinadvance
toaccommodatetwoadditionalphysicaleducationles-
sons. However, baseline characteristics were similar
between the groups, making a pre-intervention effect
very unlikely.
Generalisibility and implications
Thesamplingframeincluded10%ofthepopulationof
two provinces of Switzerland and included rural and
urban areas with a migrant population of 10-30%,
which is representative for Switzerland. The popula-
tion of Switzerland is considered to be representative
of central Europe, so the results of this study may also
apply to many Western countries. However, differ-
ences between school systems in different countries
might affect the generalisibility of our findings, requir-
ing specific research.
Ourprogrammeprovidedadditionalstructuredand
compulsory activity for all children in a class and also
included those who might have dropped out if given a
free choice. Programmes with compulsory physical
activity components seem to be superior to those
based on educational interventions,
36 as adherence is
guaranteed.Also,theinclusionofallchildreninaclass
avoids any stigmatisation of overweight and unfit chil-
dren and gives all children an equal chance to benefit
from this type of intervention. The fact that 90% of all
children and 70% of the teachers liked the programme
and wished that it would continue is also reassuring.
The multi-component and systemic physical activity
approach, which included a variety of strategies to
enhance physical activity, may have reached more
children by broadening the levels of the intervention
and the spectrum of activities. All these components
might encourage children to increase activity levels in
the future by increasing joy, fitness, and motor skills
that further enhance physical activity with potential
beneficial effects on body composition and cardio-
vascular risk. Although we know that our programme
was successful when applied over the period of one
academic year, we do not know whether the effects
could be sustained. Future research should include
intervention programmes over several years and long
term follow-up to define the ideal content, setting, and
duration of preventive interventions, as well as assess-
ment of costs to define the cost effectiveness of such
interventions.
Conclusions
A school based, multi-component physical activity
intervention including compulsory elements improved
physical activity and fitness and reduced adiposity in
children. Implementation of such a programme may
help to improve the health and fitness of children and
also to improve health later in life by reducing cardio-
vascular and other diseases.
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